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Description 

TRANSMITTING APPARATUS, TRANSMITTING POWER 
CONTROLLING METHOD, AND RADIO COMMUNICATION APPARATUS 

5 <Technical Field> 

The present invention relates to a transmitting apparatus that 
power- amplifies a transmitting signal and a transmitting power 
controlling method, and a radio communication apparatus using this 
transmitting apparatus. 
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<Background Art> 

In a conventional high- frequency power amplifier for amplifying a 
modulated signal including an envelope variation component, an A-class 
or AB-class linear amplifier has been used to amplify the envelope 

15 variation component linearly. Such a linear amplifier is excellent in 
linearity but is inferior in power efficiency to a C-class or E-class 
non-linear amplifier because the linear amplifier always consumes 
power incident to a direct current bias component. For this reason, 
when such a high- frequency power amplifier is applied to a portable 

20 radio powered by a battery, there are brought about circumstances that 
the hours of use are shortened because the high- frequency power 
amplifier consumes large power. Moreover, when such high- frequency 
power amplifiers are applied to the base station equipment of a radio 

1 

% 



system having a plurality of high- power transmitting apparatuses, there 
are brought about circumstances that the base station equipment result 
in increasing in size and in the amount of heat. 

Hence, a transmitting apparatus using polar modulation, which is 
proposed as a transmitting apparatus of high- efficiency, is shown in FIG. 
5. As shown in FIG. 5, this transmitting apparatus has an amplitude/ 
phase separating means 21, an amplitude- modulated signal amplifier 
22, a frequency synthesizer 23, and a high- frequency power amplifier 
24 of a nonlinear amplifier. 

A base-band modulated signal 200 is inputted to the amplitude/ 
phase separating means 21, a base- band amplitude- modulated signal 
201 is inputted to the amplitude- modulated signal amplifier 22 from the 
amplitude/ phase separating means 21, a base- band phase- modulated 
signal 202 is inputted to the frequency synthesizer 23 from the 
amplitude/ phase separating means 21, a high- frequency phase- 
modulated signal 203 is inputted to the high- frequency power amplifier 
24 from the frequency synthesizer 23, and a transmitting output signal 
204 is outputted from the high- frequency power amplifier 24. 

Next, the operation of this transmitting apparatus will be described. 
First, assuming that the base- band modulated signal 200 is Si(t), it is 
expressed by an equation (1). 

Si(t) = a (t) x exp[jcp(t)] (1) 
where a(t) is amplitude data and exp[jcp(t)] is phase data, respectively. 



The amplitude data a(t) and the phase data exp[jcp(t)] are extracted by 
the amplitude/ phase separating means 21. Here, the amplitude data 
a(t) corresponds to the base- band amplitude- modulated signal 201 and 
the phase data exp[jcp(t)] corresponds to the base- band phase- 
5 modulated signal 202, respectively. The amplitude data a(t) is 

amplified by the amplitude- modulated signal amplifier 22 and is applied 
to the high- frequency power amplifier 24. With this, the power supply 
voltage of the high- frequency power amplifier 24 is set on the basis of 
the amplitude data a(t). 

10 The frequency synthesizer 23 produces a high- frequency phase- 

modulated signal 203 obtained by modulating a carrier wave angular 
frequency coc by the phase data exp[jq>(t)] and this high- frequency 
phase- modulated signal 203 is inputted to the high- frequency power 
amplifier 24. Here, assuming that the high- frequency phase- 

15 modulated signal 203 is a signal Sc, it is expressed by an equation (2). 

Sc = expj[coc x t + cp(t)] (2) 
By applying a nonlinear amplifier to the high- frequency power 
amplifier 24, the transmitting output signal 204, which is produced by 
amplifying a signal, which is obtained by multiplying the power supply 

20 voltage a(t) of this high- frequency power amplifier 24 by the output 
signal of the frequency synthesizer 23, by a gain G of the high- 
frequency power amplifier 24, is outputted from the high- frequency 
power amplifier 24. Here, assuming that the transmitting output signal 



204 is an RF signal Srf, it is expressed by an equation (3). 

Srf = Ga x (t)Sc = Ga(t) x expj[coc x t + cp(t)] (3) 
Because the signal inputted to the high- frequency power amplifier 
24 is a phase- modulated signal not having a variation component in the 
5 direction of amplitude, it becomes a constant envelope signal. Hence, 
a nonlinear amplifier of high efficiency can be used as the high- 
frequency power amplifier 24, so that it is possible to provide a 
transmitting apparatus of high efficiency. A technology of using this 
kind of polar modulation is described in, for example, patent document 1 
10 or patent document 2. 

[Patent document 1] Specification of Japanese Patent No. 3207153 
[Patent document 1] Japanese Unexamined Patent Publication No. 
2001-156554 

However, in the conventional transmitting apparatus described 
15 above, in the case of controlling the output power of the high- frequency 
power amplifier 24, an output signal does not change linearly with 
respect to an input signal because the high- frequency power amplifier 
24 is a nonlinear amplifier. Hence, an output power control also needs 
to be performed by changing power supply voltage in the same way as 
20 amplitude modulation. In this case, there are brought about 

circumstances that the control range of output power is limited by the 
operation limits of a transistor to the leak power or the power supply 
voltage. 
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The invention has been made in view of the conventional 
circumstances described above. The object of the invention is to 
provide a transmitting apparatus and a transmitting power controlling 
method that can provide excellent power efficiency and a wide control 
range of transmitting output power, and a radio communication 
apparatus using this transmitting apparatus. 

<Disclosure of the lnvention> 

A transmitting apparatus of the present invention is a transmitting 
apparatus that power- amplifies and outputs a transmitting signal, and 
includes transmitting power amplifying means having a high- frequency 
power amplifier, wherein the transmitting power amplifying means has a 
first mode of operating the high- frequency power amplifier as a 
nonlinear amplifier and a second mode of operating the high- frequency 
power amplifier as a linear amplifier, and, in the first mode, amplitude 
modulates the transmitting signal and controls the average output power 
level of the transmitting signal by a power supply voltage of the high- 
frequency power amplifier and, in the second mode, controls the 
average output power level of the transmitting signal before the high- 
frequency power amplifier and amplitude modulates the transmitting 
signal having the average output level controlled. 

With this construction, in the first mode, for example, at the time of 
outputting high power, by operating the high- frequency power amplifier 
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as a nonlinear amplifier, it is possible to increases power efficiency 
remarkably, and in the second mode, for example, at the time of 
outputting low power, by operating the high- frequency power amplifier 
as a linear amplifier, it is possible to control transmitting output power 
over a wide range and to use one amplifier extremely efficiently and to 
increase power efficiency remarkably. 

Further, in the transmitting apparatus of the invention, the 
transmitting power amplifying means has a multiplier disposed before 
the high- frequency power amplifier and a variable gain amplifier 
disposed before the multiplier, and, in the second mode, amplitude 
modulates the transmitting signal by the multiplier and controls the 
average output power level of the transmitting signal by the variable 
gain amplifier. 

With this construction, in the second mode, the high- frequency 
power amplifier operates as a linear amplifier and hence its power 
supply voltage is constant and the high- frequency power amplifier can 
not amplitude modulate the transmitting signal and can not control the 
average output level of the transmitting signal. Hence, the multiplier 
disposed before the high- frequency power amplifier amplitude 
modulates the transmitting signal and the variable gain amplifier 
disposed before the multiplier controls the average output level of the 
transmitting signal to make the high- frequency power amplifier operate 
as a linear amplifier. With this, it is possible to control the transmitting 



output power over a wide range. 

Further, the transmitting apparatus of the invention changes the 
input level of the high- frequency power amplifier according to the 
average output power of the transmitting signal in the first mode. 
5 With this construction, the input level of the high- frequency power 

amplifier is changed according to the average output power of the 
transmitting signal, so that it is possible to reduce leak power and to 
extend the control range of transmitting power by the power supply 
voltage when the high- frequency power amplifier operates as a 
10 nonlinear amplifier. 

Still further, the transmitting apparatus of the invention changes the 
input level of the high- frequency power amplifier according to the 
instantaneous output power of the transmitting signal in the first mode. 
With this construction, the input level of the high- frequency power 
15 amplifier is changed according to the instantaneous output power of the 
transmitting signal, so that it is possible to follow an instantaneous 
change in the level and to reduce leak power and hence to improve the 
recurrence of an instantaneous change in the level. 

Still further, a method of controlling a transmitting power according 
20 to the invention is a method of controlling a transmitting power when a 
transmitting signal is power- amplified and outputted by a high- 
frequency power amplifier, and includes the steps of: operating the high- 
frequency power amplifier as a nonlinear amplifier in a first mode to 
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amplitude modulate the transmitting signal and to control the average 
output level of the transmitting signal by the power supply voltage of the 
high- frequency power amplifier; and operating the high- frequency 
power amplifier as a linear amplifier in the second mode to control the 
5 average output level of the transmitting signal before the high- 
frequency power amplifier and to amplitude modulate the transmitting 
signal having the average output level controlled. 

With this construction, it is possible to enhance power efficiency 
remarkably in the first mode of operating the high- frequency power 

10 amplifier as a nonlinear amplifier and to control the transmitting output 
power over a wide range in the first mode and in second mode of 
operating the high- frequency power amplifier as a linear amplifier. 

Still further, a radio communication apparatus of the invention is a 
radio communication apparatus for transmitting a transmitting signal 

15 from an antenna by radio and has a construction in which the 

transmitting signal is power- amplified by the transmitting apparatus and 
is outputted to the antenna. 

With this construction, the power efficiency of the transmitting 
apparatus in the first mode is high and hence the period of use of a 

20 battery power supply mounted in the apparatus can be elongated and 
the high- frequency power amplifier of the transmitting apparatus can be 
reduced in size, so that it is possible to make a more reduction in the 
size of the radio communication apparatus. 
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According to the transmitting apparatus, the method of controlling 
transmitting power, and the radio communication apparatus in 
accordance with the invention, it is possible to make power efficiency 
excellent and to extend the control range of transmitting output power. 

5 

<Brief Description of the Drawings> 

Fig. 1 is a block diagram showing the general construction of a 
transmitting apparatus in the first embodiment of the invention. 

Fig. 2 is a block diagram showing a circuit construction when the 
10 high- frequency power amplifier shown in FIG. 1 is used as a nonlinear 
amplifier. 

Fig. 3 is a graph useful in explaining an operation when the high- 
frequency power amplifier shown in FIG. 1 is used as a nonlinear 
amplifier. 

15 Fig, 4 is a block diagram showing the general construction of a 

transmitting system of a radio communication apparatus in the second 
embodiment of the invention. 

Fig. 4 is a block diagram showing the construction example of a 
conventional transmitting apparatus. 

20 Here, a reference numeral 1 in the drawings denotes 

amplitude/phase separating means, 2 and 8 denote multipliers, 3 and 10 
denote switches, 4 denotes an amplitude- modulated signal amplifier 22, 
5 denotes a high- frequency power amplifier, 6 denotes a frequency 
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synthesizer 23, 7 denotes a variable gain amplifier, 9 denotes a low- 
limit limiting circuit, 11 denotes an adder, 12 denotes a 
transmission/reception selector switch, and 13 denotes an antenna. 

<Best Mode for Carrying Out the lnvention> 
(First Embodiment) 

FIG. 1 is a block diagram showing the general construction of a 
transmitting apparatus so as to describe an embodiment of the invention. 
As shown in FIG. 1, the transmitting apparatus of this embodiment 
includes amplitude/phase separating means 1 that separates a base- 
band modulated signal 100 into a base band amplitude- modulated 
signal 101 and a base- band phase- modulated signal 102, a multiplier 2 
that multiplies the base band amplitude- modulated signal 101 by a gain 
control signal 105, a switch 3 that is switched on the basis of a mode 
switching signal 106, an amplitude- modulated signal amplifier 4 that 
supplies a high- frequency power amplifier 5 with a power supply voltage, 
the high- frequency power amplifier 5 that amplifies the power of an 
input signal from a multiplier 8 and outputs a transmitting output signal 
104, a frequency synthesizer 6 that phase modulates a carrier wave 
signal by the base- band phase- modulated signal 102 to produce a 
high- frequency phase- modulated signal 1 03, a variable gain amplifier 7 
that adjusts the signal level of the high- frequency phase- modulated 
signal 103, the multiplier 8 that multiplies the output of the variable gain 
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amplifier 7 by the base- band amplitude- modulated signal 101 , a low- 
limit limiting circuit 9 that limits the low limit of amplitude variation of the 
base- band amplitude- modulated signal 101, a switch 10 that is 
switched by the mode switching signal 106, and an adder 11 that adds a 
gain offset signal 108 and the base- band amplitude- modulated signal 
101. 

The operation of the transmitting apparatus constructed in the 
manner described above will be described. In FIG. 1, the operating 
mode of the high- frequency power amplifier 5 is determined, for 
example, according to the level of a transmitting power specified to a 
transmitting apparatus from a radio base station or a transmitting power 
level based on the state of a receiving signal of the transmitting 
apparatus. When the level of the transmitting output signal 104 is high, 
an operating mode in which the high- frequency power amplifier 5 
becomes a nonlinear amplifier is desirable from the viewpoint of power 
efficiency. On the other hand, when the level of the transmitting output 
signal 104 is low and hence the operating mode is out of a range in 
which the high- frequency power amplifier 5 can operate as a nonlinear 
amplifier, it is necessary to make the high- frequency power amplifier 5 
operate as a linear amplifier. The mode switching signal 106 is set on 
the basis of a desired level of transmitting power and the characteristics 
of the high- frequency power amplifier 5. Here, the gain control signal 
105, the mode switching signal 106, a DC voltage 107, and a gain offset 
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signal 108, which are inputted to the transmitting apparatus, are set by a 
control section (not shown). This control section may be provided in 
the transmitting apparatus itself. Further, when the transmitting 
apparatus is mounted in a radio communication apparatus or the like, it 
may be shared for use with a control section for controlling the operation 
of the radio communication apparatus. 

First, a case will be described in which the level of the transmitting 
output signal 104 of the high- frequency power amplifier 5 shown in FIG. 
1 is comparatively high. In this case, the high- frequency power 
amplifier 5 operates as a nonlinear amplifier in a saturated operation 
region of a switching operation region. The base- band modulated 
signal 100 is separated by the amplitude/phase separating means 1 into 
the base- band amplitude- modulated signal 101 and the base- band 
phase- modulated signal 102. 

The base- band amplitude- modulated signal 101 is multiplied by 
the gain controlling signal 105 by the multiplier 2 and is inputted to the 
terminal a of the switch 3. When the transmitting output signal is 
amplitude modulated by the high- frequency power amplifier 5 (the level 
of the transmitting output signal is comparatively high), the terminals a 
and c of the switch 3 are connected to each other by the mode switching 
signal 106. The product of the base- band amplitude- modulated signal 
101 and the gain controlling signal 105, which is outputted from the 
terminal c of the switch 3, is amplified by the amplitude- modulated 



12 



signal amplifier 4 and is applied as the power supply voltage of the high- 
frequency power amplifier 5 to the high- frequency power amplifier 5 and 
is amplitude modulated by the high- frequency power amplifier 5. 

Here, to change a power supply voltage at high efficiency according 
to the level of the base- band amplitude- modulated signal 101, it is 
preferable to use a D-class amplifier showing amplitude information by a 
band width for the amplitude- modulated signal amplifier 4. 

On the other hand, the base- band phase- modulated signal 102 is 
inputted to the frequency synthesizer 6. The frequency synthesizer 6 
phase modulates the carrier wave signal by the base- band phase- 
modulated signal 102 to produce and output the high- frequency phase- 
modulated signal 103. This high- frequency phase- modulated signal 
103 is amplified (or attenuated) by the variable gain amplifier 7 on the 
basis of the gain controlling signal 109 and then is outputted to the 
multiplier 8. 

Here, the gain controlling signal 109 inputted to the variable gain 
amplifier 7 is obtained by adding the gain offset signal 108 to the rain 
controlling signal 105 by the adder 11. The gain offset signal 108 is set 
such that the variable gain amplifier 7 adjusts the high- frequency 
phase- modulated signal 103 to a level suitable for operating the high- 
frequency power amplifier 5 as a nonlinear amplifier in the saturated 
operation region or in the switching operation region. 

When the level of the transmitting output signal is comparatively 
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high, the terminals a and c of the switch 10 are connected to each other 
by the mode switching signal 106. For this reason, a signal of limiting 
the low limit of amplitude variation of the base- band amplitude- 
modulated signal 101 by the low- limit limiting circuit 9 is outputted to 
the multiplier 8 through this switch 10. 

With this, a signal obtained by multiplying the output of the variable 
gain amplifier 7 by the signal of limiting the low limit of amplitude 
variation of the base- band amplitude- modulated signal 101 by the 
multiplier 8 becomes a phase- modulated signal. The phase- 
modulated signal outputted from the multiplier 8 is inputted to the high- 
frequency power amplifier 5 and is multiplied by the amplitude- 
modulated signal and then is outputted as the transmitting output signal 
104. 

FIG. 2 shows the circuit construction of the high- frequency power 
amplifier 5 when it is used as a nonlinear amplifier, and FIG. 3 is a graph 
to explain the operation of the high- frequency power amplifier 5 when it 
is used as a nonlinear amplifier. As shown in FIG. 2, the high- 
frequency power amplifier 5 has a construction including a nonlinear 
amplifier 50 and having a parasitic capacitance 51 connected between 
its input side and output side. FIG. 3 shows the relationship between 
the power supply voltage and the output power of the nonlinear amplifier 
50. As shown in FIG. 3, in the nonlinear amplifier 50, the output power 
is proportional to the square of the power supply voltage. Here, the 
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magnitude of leak power is determined by the parasitic capacitance 51 
and the level of input signal of the nonlinear amplifier 50 (level of output 
signal of the multiplier 8). 

Here, considering a case where the variable gain amplifier 7 and 
the multiplier 8 are not provided, the output of the frequency synthesizer 
6 is nearly constant and hence the leak power also becomes constant. 
In this case, to decrease the level of transmitting output signal 104, it is 
recommendable to decrease the power supply voltage of the nonlinear 
amplifier 50, but the power supply voltage of the nonlinear amplifier 50 
is limited by the leak power and hence can not be decreased to a level 
lower than a predetermined value. 

On the other hand, in this embodiment, the gain of the variable gain 
amplifier 7 is controlled by the gain controlling signal 109 to control the 
level of the phase- modulated signal inputted to the high- frequency 
power amplifier 5, whereby the leak power can be decreased. Hence, 
in the high- frequency power amplifier 5, the control range of output 
power by the power supply voltage can be extended. In this manner, by 
amplifying the base- band phase- modulated signal on the basis of the 
gain controlling signal 105 for setting the average output of the 
amplitude- modulated signal, it is possible to make the level of the 
phase- modulated signal by the variable gain amplifier 7 follow the 
average power of the amplitude- modulated signal, that is, to control the 

« 

input of the high- frequency power amplifier 5 according to the average 
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output power. 

Further, by multiplying the output signal of the variable gain 
amplifier 7 by the base- band amplitude- modulated signal 101 by the 
multiplier 8, the input level of the high- frequency power amplifier 5 
5 follows an instantaneous variation in the level of the amplitude variation 
signal and the leak power also decreases, so that it is possible to 
improve the recurrence of instantaneous variation in the level. That is, 
it is possible to control the input of the high- frequency power amplifier 5 
according to an instantaneous output power. 

10 Here, when the input level of the high- frequency power amplifier 5 

is decreased too much, the high- frequency power amplifier 5 is out of 
the saturated operation region or the switching operation region and 
hence linearity to a change in power supply voltage deteriorates. 
Hence, the input level of the high- frequency power amplifier 5 is kept 

15 higher than a predetermined level by the low- limit limiting circuit 9. In 
this regard, because it is essential only that the multiplier 8 decreases 
the leak power in accordance with amplitude variation without 
multiplying the transmitting output signal 104 by the amplitude- 
modulated signal, there is no problem even if the low level side of the 

20 instantaneous variation in the level is limited in the multiplier 8. 

Next, a case where the level of the transmitting output signal 104 is 
comparatively low will be described. In this case, the high- frequency 
power amplifier 5 operates as a linear amplifier in which output is linear 
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to input. First, the terminals b and c of the switch 3 are connected to 
each other by the mode switching signal 106. With this, the DC voltage 
107 is inputted from the amplitude- modulated signal amplifier 4 through 
the switch 3 and the amplitude- modulated signal amplifier 4 applies a 
constant power supply voltage to the high- frequency power amplifier 5. 

On the other hand, the base- band phase- modulated signal 102 is 
inputted to the frequency synthesizer 6, and the frequency synthesizer 6 
outputs the high- frequency phase- modulated signal 103, obtained by 
modulating a carrier wave signal by the base- band phase- modulated 
signal 102, to the variable gain amplifier 7. The high- frequency phase- 
modulated signal 103 is amplified (or attenuated) by the variable gain 
amplifier 7 on the basis of the gain controlling signal 109 and is inputted 
to the multiplier 8. At this time, the gain offset signal 108 is set at zero. 
Therefore, the gain controlling signal 105 (= gain controlling signal 109) 
is inputted to the variable gain amplifier 7 through the adder 11. 

Further, in this case, the terminals b and c of the switch 10 are 
connected to each other by the mode switching signal 106. Hence, the 
base- band amplitude- modulated signal 101 is inputted through the 
switch 10 to the multiplier 8. The multiplier 8 multiplies the high- 
frequency phase- modulated signal 103, amplified by the variable gain 
multiplier 7, by the base- band amplitude- modulated signal 101. The 
high- frequency power amplifier 5 amplifies the output of the multiplier 8 
linearly and outputs the transmitting output signal 104. 
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In this manner, even when the level of the transmitting output 
signal is low and the high- frequency power amplifier 5 may be out of the 
saturated operation region or the switching operation region, that is, 
even when there is a possibility that the high- frequency power amplifier 
5 deteriorates in the linearity of the output power to a change in the 
power supply voltage, by operating the high- frequency power amplifier 
5 as a linear amplifier, it is possible for the high- frequency power 
amplifier 5 to keep the linearity of the output signal to the input signal 
and to extend the output power control range. 

According to the embodiment of this invention, when the level of the 
transmitting output signal is comparatively high, the high- frequency 
power amplifier 5 is used as a nonlinear amplifier to modulate the 
amplitude of the transmitting signal and to control the average output 
level thereof by the power supply voltage applied to the high- frequency 
power amplifier 5, and when the level of the transmitting output signal 
is comparatively low, the high- frequency power amplifier 5 is used as a 
linear amplifier and the multiplier 8 provided before the high- frequency 
power amplifier 5 modulates the amplitude of the transmitting signal and 
the variable gain amplifier 7 provided before the multiplier 8 controls the 
average output level thereof. With this, it is possible to control the 
level of the transmitting output signal over a wide range. 

Further, when the transmitting power is large, the high- frequency 
power amplifier 5 is operated as a nonlinear amplifier and hence power 
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efficiency can be enhanced. 

Still further, when the high- frequency power amplifier 5 is operated 
as a nonlinear amplifier, if the gain of the variable gain amplifier 7 is 
controlled by the gain controlling signal 109 to vary the level of the high- 
frequency phase- modulated signal 103, leak power is decreased, so 
that it is possible to extend the control range of output power by the 
power supply voltage. 

Still further, when the multiplier 8 multiplies the high- frequency 
phase- modulated signal 103 by the base band amplitude- modulated 
signal 101, the input level of the high-frequency power amplifier 5 
follows an instantaneous variation in the level of the base- band 
amplitude- modulated signal 101 and leak power also decreases, so that 
it is possible to improve the recurrence of the instantaneous variation in 
the level. 

FIG. 4 is a block diagram showing the general construction of a 
transmitting system of a radio communication apparatus having the 
transmitting apparatus of the embodiment described in FIG. 1. Here, 
the radio communication apparatus includes, for example, a portable 
radio terminal apparatus such as a mobile phone or a personal digital 
assistant having a communication function, a radio base station, and the 
like. Here, in the example shown in FIG. 4 is shown a case where the 
transmitting apparatus of this embodiment is applied to a portable radio 
terminal apparatus. The portable radio terminal apparatus has a 
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transmission/reception selector switch 12 and an antenna 13 on the 
output side of the high- frequency power amplifier 5 shown in the first 
embodiment. 

Next, the operation of the portable radio terminal apparatus shown 
in FIG. 4 will be described. At the time of transmission, the high- 
frequency power amplifier 5 radiates the power- amplified transmitting 
power signal 104 from the antenna 13 via the transmission/ reception 
selector switch 12. On the other hand, at the time of reception, a 
receiving signal is inputted to a receiving section (not shown) from the 
antenna 13 via the transmission/ reception selector switch 12. 

According to the portable radio terminal apparatus of this 
embodiment, the high- frequency power amplifier 5 operates as a 
nonlinear amplifier at the time of outputting high power to enhance 
power efficiency to prevent the consumption of a battery, whereby the 
hours of use can be elongated. Further, the high- frequency power 
amplifier 5 is enhanced in power efficiency and hence can be reduced in 
size and in the quantity of heat. Hence, a radio communication 
apparatus mounted with the high- frequency power amplifier 5 can be 
reduced in size. 

Further, if the invention is applied to the base station equipment of 
a radio system mounted with a plurality of high- power transmitting 
apparatuses, the power efficiency when the high- frequency power 
amplifier outputs high output power is enhanced and hence the high- 
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frequency power amplifier can be reduced in size and in the quantity of 
heat, so that it is possible to prevent the equipment from being 
increased in size and hence to reduce installation space. 

in this regard, the invention is not limited to the above embodiment, 
but other various embodiments can be also put into practice in the 
specific construction, function, operation, and effect without departing 
from the gist of the invention. 

While the invention has been described with reference to the 
specific embodiments, it is apparent to those skilled in the art that 
various alternatives and modifications can be made without departing 
from the spirit and scope of the invention as claimed in the appended 
claims. 

The present application is based on Japanese Patent Application 
No. 2003-289893 filed on August 8, 2003, the content of which will be 
hereby incorporated by reference into this application. 

industrial Applicability> 

The present invention produces effects of producing excellent 
power efficiency and controlling transmitting output power over a wide 
range and hence can be usefully applied to a portable terminal 
apparatus such as mobile telephone or personal digital assistant, and a 
radio communication apparatus of the like of a radio base station or the 
like. 
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